The relationship between particle morphology and rheological properties in injectable nano-hydroxyapatite bone graft substitutes.
Biomaterials composed of hydroxyapatite (HA) are currently used for the treatment of bone defects resulting from trauma or surgery. However, hydroxyapatite supplied in the form of a paste is considered a very convenient medical device compared to the materials where HA powder and liquid need to be mixed immediately prior to the bone treatment during surgery. In this study we have tested a series of hydroxyapatite (HA) pastes with varying microstructure and different rheological behaviour to evaluate their injectability and biocompatibility. The particle morphology and chemical composition were evaluated using HRTEM, XRD and FTIR. Two paste-types were compared, with the HA particles of both types being rod shaped with a range of sizes between 20 and 80nm while differing in the particle aspect ratio and the degree of roundness or sharpness. The pastes were composed of pure HA phase with low crystallinity. The rheological properties were evaluated and it was determined that the pastes behaved as shear-thinning, non-Newtonian liquids. The difference in viscosity and yield stress between the two pastes was investigated. Surprisingly, mixing of these pastes at different ratios did not alter viscosity in a linear manner, providing an opportunity to produce a specific viscosity by mixing the two materials with different characteristics. Biocompatibility studies suggested that there was no difference in vitro cell response to either paste for primary osteoblasts, bone marrow mesenchymal stromal cells, osteoblast-like cells, and fibroblast-like cells. This class of nanostructured biomaterial has significant potential for use as an injectable bone graft substitute where the properties may be tailored for different clinical indications.